Objectives: Recent studies have reported the existence of stem cells in ovarian tissue that show enhanced proliferative and differentiation potential compared to other adult tissues. Based on this evidence, we hypothesized that ovarian tissue contained mesenchymal-like stem cells (MSC) that could be isolated using a novel rapid plastic adhesion technique.
| INTRODUCTION
Two classes of stem cells have been identified in animals: embryonic (ESC) and adult somatic cells.
1 ESC hold a great advantage across various applications due to their pluripotency, but their use is clouded by ethical issues, immunogenicity and neoplasic formation. 2 The adult somatic cells, known as mesenchymal stem cells (MSC), are multipotent stromal cells responsible for regular tissue turnover that reside in various tissues. 1 MSC are easy to isolate compared to ESC, and their isolation from adults makes autologous treatments possible. MSC have been the target of public discussion involving questions about the veracity of these cells, where the central question has been whether or not they can be differentiated into non-mesenchymal cell lineages. 1 Here we investigated the ability of ovarian-derived MSC to differentiate into ectodermal, mesodermal, endodermal, and primordial germ lineages.
Replacement of cells after death due to age, injury or shedding by
new healthy cells is a normal biological process. This process of homeostasis in adult tissues is possible due to the subpopulation of stem cells residing within the tissues. 3 In the ovary, substantial physical injury occurs during the process of follicular rupture and ovulation, triggering a rapid repair mechanism that prepares the ovarian surface epithelium for the subsequent ovulatory cycle. 4 In human ovaries, MSC have been found to play a role in the mesenchymal-epithelial transition of ovarian tunica albuginea. 5, 6 It was suggested that multipotent or pluripotent cells might be present in ovarian tissue. 5, 7 Nonetheless, even though the ovary constantly undergoes substantial tissue remodelling, limited studies have focused on the presence of mesenchymal stem cells in the mammalian ovary.
Large animal species have several advantages with regard to understanding the basic biology of stem cells and in developing protocols for stem cell-based regenerative medicine. 9 Beyond their importance in the field of veterinary medicine, 10 dogs have been widely accepted as an animal model for preclinical research on transplantation due to their many similarities to humans, including disease presentation, physiology, clinical responses, and the fact that more than half of canine hereditary diseases have counterparts in humans. [11] [12] [13] In the dog, stem cell kinetics are more similar to those of humans than are those of mice or other laboratory animals, making the dog highly relevant for cell biology studies. 
| MATERIALS AND METHODS

| Derivation of mesenchymal-like stem cells from ovarian and adipose tissue
Ovaries and visceral adipose tissue samples were collected from female dogs undergoing elective ovariohysterectomy at the local veterinary hospital with owner consent. We used 4 mongrel bitches ranging in age from 6 months to 1 year. 
| Measurement of population-doubling time
| Colony-forming unit assay
Colony-forming unit assays were performed by seeding 500 cells in 35 mm-diameter well and incubated for 7 days with medium replacement every 3 days. After 7 days, cells were fixed using 100% methanol for 15 minutes and stained with Giemsa (Sigma). All colonies with at least 50 cells were counted using inverted microscopy (Nikon, Mississauga, ON, Canada).
| RNA isolation and transcript analysis
Total RNA was extracted from cells using the RNeasy Mini Kit Primers were designed (Table 1 ) using Oligo 6 software (Molecular Biology Insights, Colorado Springs, CO, USA). PCR products were sequenced to confirm the specificity of all primers utilized
| Immunohistochemistry and confocal imaging
Cells from adipose and ovarian tissue at P2 were grown on coverslips 
| Flow cytometry assay (FACS)
Adipose and ovarian-derived MSC derived from 4 animals were analysed at P1 using FACS. For surface markers, cells were collected, washed with PBS and incubated for 30 minutes in goat serum. Subsequently, the cell suspension was incubated with the primary antibodies directed against the specific cell surface markers ( Table 2) 
| Mesodermal differentiation assay and cytochemical staining
Differentiation assay was performed by seeding 1. 
| Ectodermal (neurogenic) lineage differentiation
Cells were seeded at a density of (Table 2 ).
| Endodermal lineage differentiation
Cells were seeded at a density of 1. 
| Primordial germ cell lineage differentiation
Cells were plated onto a cover slip dish at a density of 
| Statistical analysis
The statistical comparisons were performed using parametric t test (GraphPad Prism 5) with a level of significance set at 5% (P ≤ .05). Data in the graphs are presented as the mean ± standard deviation.
| RESULTS
| Morphological and growth characteristics of ovarian-and adipose-derived cells
Initial experiments were aimed at determining whether MSC were present in the canine ovary and how they compared to adipose- 
| MSC-specific markers in ovarian MSC
Having confirmed the presence and analysed the growth characteristics of ovarian MSC, we next performed a molecular validation of MSC-specific transcripts and cell surface antigens commonly found in MSC populations. Using qRT-PCR, we showed that the transcripts for the canine MSC markers CD44, CD90 and CD105 were present in both ovarian-and adipose-derived cells (Figure 2A ). Although differences were not significant between tissues, transcripts for CD90
tended to be higher in ovarian cells both at early (P = 2) and late (P = 9) passages. Moreover, ICC and FACS analysis in early passage cells confirmed the presence of the MSC-specific cell surface antigens CD44 (cO-MSCs, 57 ± 11%; cA-MSCs, 78 ± 4%) and CD90 (cO-MSCs, 38 ± 10%; cA-MSCs, 62 ± 8%) and absence of the hematopoieticspecific markers CD34 and CD45, further confirming that the ovary contains cells expressing an MSC-specific phenotype-like adiposederived MSC.
| Pluripotency-specific markers in ovarian MS
Having shown that the ovary contains cells that resemble MSC and express MSC-specific markers, we next verified whether they also expressed pluripotency-specific markers by qRT-PCR and FACS.
Transcripts for NANOG, SOX2 and TERT were present and expressed at similar levels in cO-MSC and cA-MSC, both at P1 and at P9
( Figure 3A) . A tendency for elevated OCT4 transcripts (P = .006) was observed, with a 5-fold higher level in cO-MSC. This coincided with results obtained by FACS, in which a tendency to have higher levels of OCT4 expression was observed in cO-MSC with 49.47 ± 15.17 vs 9.7 ± 2.63 for adipose MSC ( Figure 3B ). Together, these results indicate that MSC derived from the ovary express pluripotency markers possibly at slightly higher levels than MSC derived from adipose tissue.
| Differentiation properties of ovarian MSlike cells
To validate our findings from the molecular characterization, func- As for bone marrow, 20 we demonstrate herein that ovarian-derived MSC are 8% less abundant per tissue unit and form 30% fewer colonies after primary plating when compared to adipose-derived MSC.
However, ovarian-derived MSC showed similar proliferation rates after standardizing the primary cultures, confirming previous reports that the doubling time depends not only on the tissue origin but also the density of the initial plating. 21 Moreover, senescence signs were observed at the same passage number in both cell types, indicating that adipose-and ovarian-derived MSC possess similar lifetimes in culture. surface epithelium 24 and CD90 plays a role in intracellular adhesion 25 and was also expressed in porcine theca stem cells, which showed the ability to differentiate into osteocytes and adipocytes. 26 In the mouse, CD90 was dominantly expressed in somatic compartments of ovarian follicles, suggesting that CD90 might have different functions. 27 Finally, CD105 is highly expressed in germ cell compartments in the ovary, suggesting its expression might be associated with the germline stem cells from which oocytes originate. 27 The presence of germ stem cells (GSC) in the mammalian ovary has been discussed extensively in recent years. It has been postu- Immunofluorescence staining for the primordial germ cell markers DDX4 and OCT4 of ovarian and adipose-derived MSC exposed for 14 days to primordial germ cell culture medium similarly able to differentiate into all three mesodermal cell types, indicating multipotential properties similar to adipose-derived MSC. derived in the present paper also possessed the capability to differentiate into putative germ cells by using the culture conditions for female germ cells derived from the ovary of neonatal mice.
15,16
After 2 weeks in this media, the cells changed their morphology from fibroblast-like to colonies of rounded cells that were positive for OCT4 and DDX4 by immunocytochemistry. This differentiation potential could eventually provide recourse for castrated dogs that owners later desire to breed.
| CONCLUSION
The present study derived ovarian cells possessing the main characteristics of MSC by selecting for cells with rapid plastic adhesion capability. Moreover, ovarian cells demonstrated a wide range of differentiation, representing a promising tool for regenerative medicine, but further studies are necessary to verify the safety of cell transplantation before regenerative medicine therapies can be attempted.
